MODIFICATION of endogenous eicosanoid synthesis by dietary n-3 fatty acid supplementation reduces febrile responses, but the mechanisms underlying these effects in vivo have not been determined. In the present study, local inflammation was induced by intramuscular injection of turpentine in rats fed control or n-3 supplemented diets for 8-9 weeks. In animals fed the control diet, turpentine induced fever, hypermetabolism, marked local inflammation (oedema), increased plasma IL-6 concentrations and raised cerebrospinal fluid (CSF) concentrations of PGE 2. N-3 fatty acid supplementation significantly inhibited the rise in CSF PGE2, fever and hypermetaboHsm induced by turpentine. Local inflammation and increased plasma IL-6 concentrations were not affected by n-3 supplementation. These findings suggest that modification of dietary fat intake inhibits fever via reduced release of prostaglandins, probably within the brain, but does not affect the local or afferent signals involved in fever generation.
Introduction
Fever is one of the most common manifestations of disease, and is observed following injury, infection, malignant or inflammatory disease. The release and action of several cytokines, including interleukin-1 (IL-1), IL-6 and tumour necrosis factor-(, (TNFx), appear to play important roles in the development of fever. However, it is the concentration of IL-6 in plasma that correlates most closely with the rise in body temperature, making this cytokine the best candidate as a circulating endogenous pyrogen. IL-6 or other endogenous pyrogens are thought to act on or near thermoregulatory centres in the brain and increase body temperature via the release of prostaglandins which act directly on thermosensitive neurons within the hypothalamus (see Reference 2) .
Eicosanoids (including prostaglandins and leukotrienes) directly mediate the pyrogenic action of the cytokines IL-1, IL-6 and TNF( but may also be involved in other pathways involved in the generation of a fever. For example, prostaglandins and leukotrienes are mediators of the local inflammatory reaction, and can modify production of pyrogenic cytokines in vitro. 4, 5 Endogenous eicosanoid synthesis can be modified by dietary supplementation with n-3 fatty acids such as those present in fish oil. These n-3 fatty acids suppress normal, endogenous eicosanoid synthesis (PG of the 2 series and LT of the 4 series) and produce less reactive derivatives (PG (Table 1) . n-9 Fatty acids were the principal lipid source in the control diet while the experiment diet contained a micro-gelatin encapsulated fish-oil formula containing sucrose, ascorbate and tri-calcium phosphate (Dry n-3, Danochem, Ballerup, Denmark). Because the Dry n-3 formula comprised only 8.75% n-3 fatty acids, the final concentration of n-3 fatty acids in the experimental diet (per kg) was 1.75% (0.9% eicosapentaenoic acid, 0.6% docosahexaenoic acid and 0.25% of other n-3 fatty acids). In addition, a minimum amount (1%) of n-6 fatty acids was incorporated into the experimental diet to prevent essential fatty acid deficiency. After 8-9 weeks of supplementation, the livers of control and n-3 supplemented rats were removed for phospholipid analysis using high-pressure liquid chromatography (performed by Scotia Pharmaceuticals, Nova Scotia, Canada).
A sterile abscess was induced by intramuscular (i.m.) injection of 0.6 ml of turpentine (Rowney, Berkshire, UK) into conscious, hand-held rats. 14 This 5% difference in body weight probably reflects the slightly greater energy density of the n-3 supplemented diet as food intake was similar between the two groups (data not shown). The phospholipid composition of livers from n-3 supplemented rats was significantly different from that in control fed animals ( Table 2 ). The largest changes were apparent in n-3 and n-6 fatty acid content, in that n-3 supplemented animals had significantly lower concentrations of n-6 tissue phospholipid and elevated concentrations of n-3 phospholipids than rats fed the control diet (Table 2) . n-3 Supplementation had no effect on the percentage water content of the limbs of animals injected with saline (control, 63.46 _+ 0.67%, n-3, 61.55 +0.48%; Fig. 1 
Discussion
The results of the present study demonstrate that the pyrogenic and thermogenic responses to localized inflammation can be reduced by dietary n-3 fatty acid modification, n-3 Supplementation also attenuated the increases in the CSF concentrations of PGE,.
induced by turpentine, but did not affect the local inflammation or the plasma concentration of IL-6.
It is well established that n-3 fatty acid supplementation alters membrane composition, 17, 18 and this was evident in the phospholipid composition of liver 12 and turpentine injection in the rat (present study); the stage at which n-3 fatty acids act in the fever cascade in vivo was, however, unclear.
Although in vitro studies have shown that cytokine production can be modified by n-3 fatty acid supplementation, 13, 19 in vivo circulating cytokine concentrations have not previously been studied after n-3 fatty acid supplementation. In the present study, plasma IL-6 concentrations were not affected by n-3 supplementation. IL-1 and TNFx are also involved in the fever and hypermetabolism observed after turpentine injection (Cooper et al., unpublished data; Turnbull et al., unpublished data), and contribute to the rise in plasma IL-6. Production of all three cytokines has been shown to be sensitive to n-3 fatty acid supplementation in in vitro endotoxin stimulation studies, though the effect has differed between species. In man, n-3 fatty acid supplementation inhibits IL-1 production and has little effect upon TNF production, 12a9 whereas, in mice both IL-1 and TNF production are increased. 13, 2 However, it is difficult to compare these varied data for cytokine production in vivo and in vitro in response to different stimuli. The local inflammatory response to turpentine injection (water content of the injected limb) was similar in control and n-3 supplemented animals, indicating that dietary modification did not influence the extent of tissue damage. This contrasts with data showing effects of n-3 supplementation on inflammation in response to other stimuli and may reflect different mechanisms underlying tissue damage in these studies.
However, pharmacological inhibition of prostaglandin synthesis also has little effect on limb oedema after turpentine (Turnbull and Rothwell, unpublished).
In summary, n-3 fatty acid supplementation has been shown to attenuate the fever and hypermetabolism observed after turpentine injection. The authors suggest that this effect may be due to reduced production of PGE2 within the central nervous system in n-3 fatty acid supplemented rats and not reduced inflammation per se or attenuated release of afferent cytokine signals.
